The nucleotide sequences of cloned cDNAs encoding the precursors for vasotocin and isotocin have been elucidated by analyzing a Agtll library constructed from poly(A)' RNA from the hypothalamic region of the teleost fish Catostomus commersom'. Screening of the library was carried out with synthetic oligonucleotide probes deduced from the amino acid sequences of the nonapeptides vasotocin and isotocin. The cDNA nucleotide sequences predict isotocin and vasotocin prohormone precursors each consisting of a signal peptide, a hormone moiety, and a neurophysin-like molecule. However, in comparison to their mammalian counterparts, both fish neurophysins are extended at their C termini by an =30 amino acid sequence with a leucine-rich core segment. These extensions show striking similarities with the glycopeptide moiety (the so-called copeptin) present in mammalian vasopressin precursors, except that they lack the consensus sequence for N-glycosylation. These data suggest that mammalian copeptin is derived from the C terminus of an ancestral neurophysin.
The vasopressin/oxytocin hormone superfamily is widely distributed throughout the animal kingdom. It comprises more than a dozen variants, all containing a 9-amino acid peptide backbone with several highly conserved residues including the two cysteines at positions 1 and 6, which form a disulfide bridge: Cys-Xaa-Xaa-Xaa-Asn-Cys-Pro-XaaGly-NH2 (1) . Their endocrine activities in mammalsnamely, control of water retention (vasopressin) and smooth muscle contraction (oxytocin)-are well documented, whereas their functions in invertebrates such as the coelenterate Hydra (2) or the fish-hunting cone snail Conus (3) remain to be elucidated.
Sequence analysis of cDNAs encoding the vasopressin or oxytocin precursors have been carried out for several mammalian species (4) . They predict that the vasopressin precursor consists of the hormone, a cysteine-rich protein called neurophysin, and a glycopeptide. While the neurophysin probably acts as carrier protein in the transport of the hormone from the hypothalamus to the neurohypophysis, the glycopeptide, or "copeptin," is thought to function as a prolactin-releasing factor (5) . The oxytocin precursor has a similar structure except that the copeptin moiety is absent and the neurophysin sequence is slightly shorter than its vasopressin-associated counterpart. The central regions of the two neurophysins are extremely well conserved between different mammals, with variations occurring predominantly at the N and C termini.
In teleost fish, vasotocin and isotocin are, respectively, the counterparts of mammalian vasopressin and oxytocin (1, 6 (12) and their identities were confirmed by sequence analysis on both strands (13) . The precursor structures of sucker vasotocin and isotocin were compared with those for their mammalian counterparts, vasopressin and oxytocin, by alignment of nucleotide and predicted protein sequence, using the ALIGN program of the DNASTAR (Madison, WI) sequence analysis software package, which is based on the algorithm of Wilbur and Lipman (14) .
isotocin vasotocin Polymerase Chain Reaction (PCR) and Genomic DNA Sequencing. One microgram of sucker liver genomic DNA (15) was subjected to 30 cycles of PCR amplification (16) using oligonucleotide primers deduced from the vasotocin-or isotocin-encoding cDNA sequences. The reaction mixture (100 1ud) contained 2.5 units of Taq polymerase, 100 pmol each of an appropriate "forward" and "reverse" oligonucleotide primer ( Fig. 1, arrows For direct sequencing of amplified genomic DNA, singlestranded DNA template was generated (17) and the PCR protocol was modified by using 0.5 pmol and 50 pmol of appropriate forward and reverse primers and 35 amplification cycles. After an ethanol/ammonium acetate precipitation step, the amplified DNA was sequenced by using the forward oligonucleotide as primer (13 The largest cDNA clone encoding the isotocin precursor consists of 691 bp, while that for the vasotocin precursor is 553 bp long (Fig. 1) The isotocin cDNA includes a putative 5' untranslated region with the first possible initiation codon at position 43. However, the 5' region ofthe vasotocin cDNA is incomplete, with the first ATG triplet encountered at position 5. Neither of the potential initiation codons are preceded by the consensus sequences for initiation found in most eukaryotes (20) , but they are succeeded by putative signal sequences (see below). The 3' untranslated region of isotocin cDNA is significantly longer than that for vasotocin, suggesting a somewhat larger isotocin mRNA. This was confirmed by Northern blot analysis of sucker poly(A)+ RNA, which revealed RNA bands of 775 bases for vasotocin mRNA and 920 bases for isotocin mRNA (Fig. 2) . Provided that the isotocin cDNA represents the full-length mRNA, it should contain a poly(A) tail of -220 residues. Consensus sequences for polyadenylylation are present at positions 573-578 and 657-662 in isotocin cDNA and at positions 522-527 in vasotocin cDNA (Fig. 1) .
Structural Organization of the Isotocin and Vasotocin Precursors. As shown in Fig. 1 , the two precursors possess similar structures, each consisting ofa putative signal peptide followed directly by the hormone moiety and then by a cysteine-rich protein with many characteristics of the neurophysin family.
The predicted signal sequences of the two precursors contain a high proportion of hydrophobic amino acids, a feature characteristic for signal peptides. Each nonapeptide hormone is connected to the rest of the precursor by the residues Gly-Lys-Arg, known to serve as potential signals for hormone amidation (Gly) and precursor processing (LysArg), respectively (21) .
Comparison of the sucker vasotocin-and isotocinassociated neurophysins reveals a highly conserved central region at amino acid residues 10-76 (isotocin neurophysin) or 9-75 (vasotocin neurophysin), which also shows considerable homology to their mammalian (1), avian (22) , and amphibian (23) counterparts. Unexpectedly, the cDNA se- quences for both precursors predict larger neurophysin-like proteins that are extended at their C termini by a stretch of =30 amino acid residues including a leucine-rich core seg- 234, 194 , 118, and 72; lanes 2 and 5, cDNA encoding the vasotocin precursor; lanes 3 and 6, cDNA encoding the isotocin precursor; lanes 4 and 7, sucker liver genomic DNA. The "forward" and "reverse" primers used for amplification are indicated by arrows in Fig. 1 . Amplification of the isotocin cDNA (lane 3) gave rise to the expected band of 195 bp. The amplified DNA was electrophoresed in a 2% agarose gel and Southern blotted (15) . The blot was hybridized to the vasotocin-specific probe (see Fig. 2) . No cross-hybridization was observed with isotocin cDNA (lane 6). (B) Comparison of cDNA nucleotide residues 374-394 ( Fig. 1) ment. This part of the neurophysin sequence shows a remarkable resemblance to that of the glycopeptide (copeptin) of the vasopressin precursor family except that the teleost fish sequence lacks a potential glycosylation site.
Analysis of the C Terminus of Sucker Neurophysin. Inspection of the amino acid and nucleotide sequences of the vasotocin and isotocin precursors reveals sites within the C-terminal regions that, by a single mutation, could be altered to a glycosylation site (Fig. 1, broken lines) . In the case ofthe isotocin precursor, the respective codons (nucleotides 409-417) read Asp-Ala-Thr, and those of the vasotocin precursor (nucleotides 380-388) read Asp-Pro-Ser. In either case, a single G --A mutation would change the aspartic codon (GAC or GAT) into an asparagine-encoding triplet (AAC or AAT), thus establishing the N-glycosylation consensus sequence Asn-Xaa-Thr/Ser.
To show that the sequence Asp-Pro-Ser determined from the vasotocin cDNA did not derive from a cDNA synthesis artifact but was also present in the genomic DNA encoding the respective precursor, sucker liver DNA was amplified by the PCR technique (16) . Two synthetic 24-mer oligonucleotide primers were synthesized from the previously determined vasotocin cDNA sequence up-and downstream of the site encoding Asp-Pro-Ser (Fig. 1, arrows) . The amplified DNA, consisting of 160 bp, was shown to have a sequence identical to that obtained for the respective cDNA region (Fig. 3) . This experiment independently confirmed at the genomic level that the sequence reads Asp-Pro-Ser. In analogy the sequence Asp-Ala-Thr of the isotocin precursor was found to be encoded in the amplified genomic DNA fragment (195 bp) ofthe isotocin gene (data not shown). Hence both the vasotocin and isotocin precursor truly lack an N-linked glycosylation site.
DISCUSSION
The data show that vasotocin and isotocin are expressed as composite precursors, together with their respective neurophysins, in the hypothalamic neurosecretory system of the teleost fish C. commersoni. Although the primary structure of the two identified neurophysins indicates an organization similar to their counterparts from mammals (1), birds (22) , and amphibians (23) , they exhibit features not previously found in other neurophysin molecules. Both sucker neurophysins are extended by -30 amino acids at their C termini, and these extensions show striking similarities with the glycopeptide ofthe vasopressin precursor family, except that the sucker sequences lack a glycosylation site (Fig. 4) . In rats this glycopeptide, also known as copeptin, has been shown to be involved in prolactin release (5) , a function that has not been determined in the sucker endocrine system.
The cDNA sequences encoding the two sucker precursors predict that a single nucleotide mutation could change an aspartic residue into an asparagine residue to generate a potential glycosylation site (Asn-Xaa-Thr/Ser) within the C-terminal region of the neurophysin molecules (Fig. 1) . The potential glycosylation site and the leucine-rich core sequence would be separated by roughly the same number of amino acid residues as they are in the mammalian (4) and toad (23) glycopeptides. Also, upstream of the potential glycosylation site in the sucker vasotocin precursor, there is an arginine residue that may have become a processing signal in the corresponding precursors of higher eukaryotes.
Further, our data refine the hypothesis that the two hormone precursors are derived from an ancestral molecule, presumably by duplication ofthe vasotocin gene encoding the nonapeptide and a larger neurophysin protein. In the course of evolution the C-terminal part of the neurophysin eventually became a separate glycopeptide with distinct biological function(s) (vasopressin precursor) or was simply discarded because of lack of need (oxytocin precursor). Nevertheless, it should be kept in mind that teleost fishes have evolved for a long time (>400 million years; ref. 24 ) in a phylogenetic branch quite remote from the line of descent of the tetrapods.
